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COMPLETE SPECIFICATION 

Rotary Positive Displacement Unite 



UniS^f? ^"abbr, a citizen of the 

Driv^p^L* 5 . 0 * St 0 * 1 "** of 124 Summit 

S A^ h T%' New York - United S 

5 for S a, T d ° hereb £ d6dare tl» SUtion 
5 l0r w 5 lch 1 Pray that a patent mav be 

^ * ^ rf0 1 nn L ed - to be particularly de- 
ment m Md by the state- 
i0 nJ&t Nation relates to rotary 

° e ' embodied as a compressor, a pump a 
™ 0 ' or engine, and a| a unit coffin* 
a compressor and a motor. A imit referred 
15 * comprises at least a housnwT a S 
^ ^engaging IoKr teeK 

Pumps of this general description am 
known with rotors* that runVn^dW 

25 S 'S? ff"V!? "tor has reeft 6 
^oed on its outside periphery while th« 
other rotor surrounds said one mter *Z 
has teeth provided internauy fferS? SnS 

placement,, and there are omTlhn££ 

rotors can run. at very high speed ami S 

* unit witn a pair of rotors which exnanrl 
J^lJ^l±^tion lengthwiseTthe 



lobes when run at high temuerature ™ » 
to remain well matched. ^ * 80 as 45 

In the known rotors with parallel axes 
contact is mamly with the sfaipty c »£5 
end surfaces of the teeth. These contact sid? 
surfaces or each other. A teflSS 

side surfaces themselves of the mating 
lobes are adapted to- contact each other 

Set W S<> 5 40 have a d&o? of 
S^h T "^surfaces larger than 
one pitch. These mating side surfaces dn- 
only moderately curved away from one 
S furtW 811 - ^ Arable loao.1 
^or^tl^ 

wnere the Iubncation provided on th« 
f^^.of the lobes by the g^S fluid 
Afalfart^ *? Wsustamed d 
emW^L = CI object is to provide a unit 
*2tTw^f » c° m P»ssor and a motor or 65 

In the accompanying drawings: 75 

Fig. 3 is a section through the casino n r 
this unit, taken along linesf-3 of Rg ! ° f 
un Fig. 4 is an axial section of a modified. 

Kg- 5 is an axial section, partly a side' 85 



view, of a rotor of modified design. 

Fig. 6 is an axial view of a rotor con- 
structed according to the present invention, 
looking at its face, showing its straigit lobes 
5 or teeth directed towards its apex. 

Fig. 7 is a similar axial view, showing 
lobes curved lengthwise. 

Fig. 8 is an axial view of a modified 
rotor showing lobes curved lengthwise and 
IU spirally inclined. 

Fig. 9 is a diagram illustrating one way 
of producing rotor lobes or teeth con- 
structed according to the invention. It shows 
the rotor in axial section. , 
15 Fig. 10 is a similar diagram employing 
reciprocating tool motion- 
Fig. 11 is an axial section of a rotor and 
a diagrammatic view of tool means cones- 
ponding to Fig. 10, looking in the direction 
20 of the tool motion. The tool is shown m a 
position cutting or grinding the lobe bottom. 

Fig. 12 Is a view looking in the direction 
of the tool motion when the tool engages 
the side of a lobe. Fig. 12 corresponds to 
25 Figs. 10 and II and shows the rotor in a 
diagrammatic view in a tilted position. 

Fig. 13 is a diagrammatic view like Fig. 
i2. but illustrating a different tool profile. 

Fig. 14 is an enlarged view of the rotors 
30 shown in Fig. 2, looking at right angles 
at the plane of their axes. 

Fig. 15 is a fragmentary view thereof 
taken in the direction of the instantaneous 
axis (32 in Fig. 2) and showing the fully 
35 enga^d lobes. 

Fig. 16 is a fragmentary view looking 
along the line of contact of the lobe ends, 
taken along line 39 of Fig. 2. 

Fig. 17 is a diagrammatic view of a unit 
40 comprising a compressor and a motor or 
engine. . 

Fig. 18 is a diagrammatic section taken 
along lines 18-18 of Fig- 17. 

Figs. 19 and 20 are diagrams illustrating 
45 the advantage obtained in inclining the 
plane of the axes <rf each of the two rotor 
pairs with respect to each other. They can 
be considered sections along lines 19-19 
of Fig. 17. looking in the direction of the 
50 arrows. 

In the diagram Fig. 1, numerals 30, 31 
denote the rotor axes intersecting at apex 
O. The rotor with axis 31 has any number 
N of lobes or teeth, while the rotor with 
55 axis 30 has (N+l) lobes or teeth. As the 
rotors run at the ratio of their tooth num- 
bers, there is a fixed axis 32 of instantaneous 
relative motion. It can be considered the 
line of contact of conical pitch surfaces 
50 which move with the rotors and roll on 
each other without sliding. Any point 33 of 
the instantaneous axis 32 has distances from 
the axes 31, 30 in proportion to the tooth 
numbers N, (N+l). 
65 Let s denote the angle between the axes 



30 31 and p the inclination of instantaneous 
axis 32 to the vertical. The pitch angles 28, 
29 of the two rotors are then (90 — s— p) 
and (90° +p). The distances of point 33 
from the axes 31, 30 can then be expressed 70 

(0-33)cos($+p) and (0-33)cos p respec- 
tively. 

cos(s+p) 

Their proportion equals 75 



cos p 



N 



=771. 



^As^ known this can be transformed into 80 
cos s— m N 

tan o— : , where m 

F sin » (N+l) 
It will now be shown numerically how 
much more lobe depth is attainable with in- 85 
tersecting axes than with parallel axes. 

For instance at a ratio of the lobe num- 
bers of (N+l)/N= 9/8, angle p equals 
16° 35' at s=\S*. The tooth depth 2$ is 
then 30°, measured on a great circle. The 90 
angular pitch, also measured on a great 
360° 

circle is . cos /7=38° 20 / . The pro- 

9 

portion of lobe depth to pitch is 30/38.33= 95 
1/1.28. ^ . t 

With parallel axes of the rotors the pitch 
circle circumferences differ by the circular 
pitch, and the pitch circle diameters differ 
by the circular pitch divided by n. The 100 
tooth depth* equals the difference in pitch 
circle diameters. The proportion of tooth 
depth to circular pitch is thus unavoidably 
l/5r=l/3.1416. It is less than one third. 

lie depth proportion has a profound in- 105 
fluence on the lobe shape attainable, and 
of course the larger proportion increases 
the displacement 

The rotors 34, 35 (Fig. 2) with axes 30, 
31 are rotatably mounted in a housing 36 i 10 
formed by two parts tightly bolted together. 
The rotors have convex outer surfaces 
lying in a common spherical surface 37 
that is centred at apex O at which the axes 
30, 31 intersect This surface matches a 115 
counterpart concave spherical surface pro- 
vided in housing 36. The counterpart sur- 
face serves as a seal and is mterupted by 
ducts 38, 38'. When Figs. 2 and 3 refer 
to a compressor, the outlet pressure is 120 
higher than the inlet pressure and the out- 
let area is more confined. 38 is the inlet 
38' the outlet for a compressor. On a motor 
or engine the inlet pressure is higher, and 
the inlet area is more confined. Looking at 125 
Fig. 3, rotation is in clockwise direction 
for a compressor, in counter-clockwise direc- 
tion for a motor. 

At their inner ends the lobes 45, 46 bear 
against or match a spherical surface por- 130 
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tion 40 also centered at O. This portion 
is formed integral with a cylindrical por- 
tion 41 and shaft 42. Rotor 34 is made 
rigid with shaft 42 by lateral projections 
? that engage slots 43 provided on a flange 
44 of shaft 42. 

Figs. 14 to 16 afford enlarged views of 
the rotors 34, 35. Their interengaging lobes 
45. 46 form pockets 47, 47, 47", ! . . of 
*« changing volume. When rotation is in direc- 
tion of arrow 48 the pockets diminish in 
( volume. On a compressor the outlet area 
starts in a region where the volume has 
been substantially decreased. 
* 5 Profiles 

I may start a design by assuming the 
lobe numbers N, (N+l) and the angle s 
between the shafts. This determines the 
angular lobe depth, which is 2s. Next I 
^ may determine the axes of curvature of 
the convex outer lobe ends, and particularly 
their angular distance from each other when 
they contact at their outer ends (Fig. 16). 
The lobe surfaces now considered are 
25 composed of straight-line elements that all 
pass through apex O. The end surface por- 
tion lies either in a circular conical sur- 
face or in a surface whose curvature at the 
end coincides with that of a conical sur- 
30 face. In one embodiment the end-surface 
portion 46e (Fig. 14) of rotor 35 having N 
lobes is part of a circular conical surface. 
Fig. 1 shows the axis 50 of this conical 
surface in the position where it lies in the 
35 plane of the axes 30, 31. It includes an 
angle b with the instantaneous axis 32. 
5(T shows the position of axis 50 after 
rotation about rotor axis 31 through half 
a turn, so that it again lies in the plane of 
40 the axes 30, 31, the drawing plane of Fig. 
1. The curvature axis 51' of the lobe end 
45e of rotor 34 includes an angle or arc 
b with curvature axis 50 / . This arc is pre- 
ferably smaller than half the circular pilch. 
45 measured as an arc on a great circle whose 
plane passes through O. 

The following formula can be derived 
for the angle V with the methods of sphe- 
rical trigonometry: 
50 p sin* c 

tan b'= 

. . 1+P sin exos c 

wherein p=tan (j+/>)-tan p 
and c =2 (s+p)-b 

55 . Angle b is changed until b' attains a de- 
sirable amount. 

After assuming the lobe end 46e of rotor 
« . and its axis of curvature 50 the entire 
surface of the lobes 45 can be determined 
as the surface enveloped by this lobe end 
when it is turned about axis 31 while rotor 
i4 turns on its axis at the ratio of the 
tooth numbers or lobe numbers (N+l) and 
N. so that the conical pitch surfaces roll 
05 on each other without sliding 



When the assumed tooth end 46e is a 
circular conical surface, it can be embodied 
by a conical milling cutter or grinding wheel 
whose axis coincides with axis 50. When 
the axis of this tool is moved relatively to a *t6 
rotor 34 as stated above, the rotating tool 
will produce the lobes thereof. 

During such motion axis 50 (Fig. 1) de- 
scribes a conical surface, and its point 53 
traces a circle 53' showing up as a straight 75 
line. Contact between rotor 34 and the coni- 
cal end surface of rotor 35 is always in a 
plane that connects the instantaneous axis 
32 with the considered position of axis 50. 
It is along the cone element that lies in said 80 

Elane, the normal plane of said element, 
broadly contact is in a turning position 
where the normal plane of a considered 
straight-line element passes through and 
contains the instantaneous axis. The said 
plane is then a contact plane, common to 
both rotors. 

The desired tooth thickness is attained by 
changing an initial assumed cone angle of 
the end surface. 90 

It should be noted that the side surfaces 
45* have a desirable moderate inclination 
to axial planes, that is to planes containing 
axis 30. This is a result of the increased 
lobe depth. The side profiles, the profiles 95 
of the side surfaces 45, , are inclined less 
than thirty degrees to the axial plane (49, 
Fig. 15) passmg through their mid-portion. 

The side surfaces 45, contact the end 
surfaces 46e of rotor 35. and they have a KM) 
further position of contact. The said con- 
tact plane passes through the instantaneous 
32 a second time in its rotation about 
axis 30. In the second position contact is 
between tie lobe sides 45„ 46, of the rotors 105 
34, 35. This is also apparent from con- 
sideration of Fig. 15. Obviously the sides 
45, have mating lobe sides 46„ The contact 
position for the sides can be computed with 
the known procedures of spherical trigono- | f« 
metry. Knowing the contact position and 
the line of contact the mating shape itself 
cant be readily determined. Line 54 (Fig. 
15) is the path of contact between the lobe 
sides 45,. 46,. Line 54' is the path of con- 1 15 
tact for the opposite lobe sides. It is seen 
that the duration of contact obtained with 
path 54 is larger than one full pitch, as the 
lobes are relatively deep. Always at least 
one pair of lobes contact with their side I U) 
profiles, on each of the two opposite lobe 
sides. Because of the moderate relative cur- 
vature of the side profiles a considerable 
load can be. carried at all times, even under 
adverse conditions of lubrication, or with 125 
lubrication by gaseous fluid only. 

Dotted line 54 e is the path of contact 
of the lobe ends 46 e . 

33-33* Fig. 2, is the lobe addendum of 
rotor 34; and 33-33, is the lobe dedendum 130 
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thereof. While the addendum is smaller 
than the dedendum in the example illus- 
trated, it may also be made larger than the 
dedendum in many cases. 
5 In the embodiment of Figs. 2 and 3 the 
outlet opening and the inlet opening are 
both provided adjacent the outer end of die 
rotor Jobes, at the spherical surface 37. 
Modified Embodiments 
10 . Fig. 4 illustrates an embodiment with in- 
let opening at the inner spherical surface 
40 and outlet opening at the outer spherical 
surface 37. This embodiment may be used, 
for instance, on pumps, where the centri- 
15 fugal action adds to the effect The rotors 
34', 35' with axes 30, 31 have the described 
shape. They are rotatably mounted in a 
housing 55 to which is rigidly secured a 
tubular member 56 with rounded end 56'. 
20 This end contains the described inner 
spherical surface portion 40 on its outside 
and an adjacent cylindrical surface portion 
4r which serves as a journal for rotor 
34'. Fluid enters along axis 30 and through 
25 openings 57 provided in end 56'. Outlet 
duct 58 leads to an outlet not shown. 

In the embodiments so far illustrated the 
inner spherical surface 40 has about half 
the diameter of the outer spherical surface 
30 37. If the lobes or teeth were continued 
all the way to apex O, the volume displaced 
inside of surface 40 would be only one 
eighth of the volume displaced inside of 
surface 37 of double diameter. With lobes 
3* having their inner ends at surface 40 the 
displacement is still 7/8 of the maximum 
displacement possible inside of sutface 37, 
while a material advantage is gained in the 
production by cutting or grinding. How- 
40 ever when production is for instance by 
moulding; coining or casting the production 
advantage is reduced and I may diminish 
the inner spherical end surface to almost 
nothing. Fig. 5 shows a rotor 34" so shaped. 
45 The inner spherical surface 40 4 has less than 
half the radius of the outer spherical sur- 
face 37, and the knob containing surface 
40, is formed integral with rotor 34". 
Proportionately small inner spherical 
50 surfaces may also be provided on rotors 
of large size, and on rotors intended for 
extreme rotational speeds where the in- 
creased production cost is acceptable. 
Fig. 6 is an axial aid view of a rotor 34, 
55 that may be used as rotor 34 in the de- 
scribed units. It has straight lobes or teeth 
60 directed towards apex O, at which the 
axes of the rotor pair intersect The surface 
of its lobes is made up of straight-line ele- 
60 ments, all passing through apex O. 

Fig. 7 is an axial view of a rotor 34* 
whose lobes 60 6 are curved lengthwise* 
chiefly for a production advantage in 
medium and small sizes. Opposite lobs 
65 sides 61, 61' are convex and concave length- 



wise, respectively. At their mid-portion the 
lobes are directed towards apex O. 

The rotor 34 e shown in Fig. 8 has longi- 
tudinally curved lobes 60 e that are spirally 
arranged. Spirally arranged lobes may be 70- 
considered especially in the embodiment 
described with Fig. 4. The types illustrated 
in Figs. 6 to 8 can each be used in both 
described embodiments. 

If desired, I may use blades or vanes in 75 
the inlet and outlet passages, to direct the 
fluid more positively. 

Production 

One way of producing a iotor 34 with 
straight radial lobes in a generating opera- 80 
ticn has already been described. There a 
conical milling cutter or grinding wheel 
describing (reproducing) a tooth end of 
rotor 35 is caused to roll on rotor 34 as 
if it were a part of rotor 35. The mating 85 
rotor 35 may be cut with the same conical 
milling cutter as used in cutting rotor 34 
in a similar rolling motion. Here however 
the turning motion about the two intersect- 
ing axes is at a varying ratio. A timing 90 
change is introduced for instance by cam 
means. 

Another method, also suited for large 
sizes, will now be described with reference 
to Fi§. 9. It uses a conical milling cutter 62 95 
or grinding wheel similar to that used in 
cuttmg rotor 34. The axis 63 of the cutter 
used intersects the axis 30 of the rotor 
blank 34* at apex O. The cutter 62 is 
rotated on its axis for stock removal while 100 
the workpiece 34 a is slowly turned on its axis 
30 and while the cutter is fed about apex O. 
It is fed about an axis intersecting the work- 
piece axis at apex O and that may be per- 
pendicular to axis 30 and to the drawing 105 
plane. Another position of cutter 62 dur- 
ing its feed motion is shown in dotted lines 
62'. The feed motion of the cutter is at a 
varying ratio to the turning motion of the 
workpfece. It is a slow oscillating motion 110 
between two end positions timed to the turn- 
ing motion of the workpiece. While the turn- 
ing motion of the workpiece can be at a 
uniform rate, a better production rate is 
attained by cyclically varying the speed of 115 
the feed motion. 

The mating rotor 35 may be produced 
with the same cutter and the same method, 
using a different timing between the turning 
motion of the workpiece and the angular 120 
feed motion between the cutter and work- 
piece. 

Figs. 10 to 12 illustrate a method using 
tool reciprocation. Edged tool 64 or grinding 
wheel 64' has a convexly curved working 12* 
profile 65 or cutting edge, that is at least 
as much curved as the concave bottom 
profile of the rotor at the inner lobe end. 
It is a circular arc centered at 67 (Fig. 11). 
The sides 68 merely serve to support the 130 
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working* profile without contributing to the 
shape produced. Tool 64 or wheel 64' is 
reciprocated lengthwise of the lobes to- 
wards and away from apex O along line 
5 70. Line 70 lies in the plane of Fig. 10 and 



. — — ■ - yta.ua vl rug. iu ana 

is; perpendicular to the drawing plane of 
Figs. II and 12. Figs. 10 and fl show 
the position- where, the tool cuts the lobe 
bottom- along, line 70. To produce the side 
10 surfaces of the lobes, the. workpiece 34 is 
fed angularly about an axis 59 passing 
, through apex O and perpendicular to the 
drawing - plane of Eg. 10. Dotted lines 34 r 
show the workpiece in a tilted position 
13 where: a straight-line element of the lobe 
side, is produced. This cutting position is 
also shown- in Fig. 12; 
To cut or grind along, a fixed line 70 all 
20 hiS 0 * .siting tool, or grinding wheel 
20 is . fed in a circular path 72 about an- axis 
comoidmg with line 70. at such a rate that 
the profile inclination of the tool at line 70 
coincides continuously with the profile in. 
,, clmatioa of the workpiece. This additional 
25 feed motion of the tool may be a circular 
translauon. where the tool remains parallel 
to itself, and where center 6T describes arc 
ii. ifte said additional motion is timed 
with the turning motion of the workpiece. 

S^/^f f f^ moti0 ? betwen ^ woA- 
piece and tool is also timed , with . said turn- 
ingjnotion, again at a varying rate. 
Production advantages are. gained by 

35 motSf % <>f the feed 

o5 motions. The process is continnous. The 
workpiece is fed m^and out about axis 59 
once for each lobe. The lobes- are completed 
after the workpiece has made a full turn. 
Grinding wheel 64' should be small 
"o**™ 34^oTtfe 
5L£lt 5126 ™<**°n is less severe 
when the larger rotor 34 of the pair has an 

45 ShSKf'W op P° ske a lol»: and the 
45 gnnding wheel can reach somewhat into a 

ottl&t outside end 

50 

Fig. 13 illustrates a working profile 73 
curvature. It is convfx^d most 

5Skl£ « ?f d 'I 80 * le5S curved S 
ootir sides 75. It can be used, on a re^imvC 

toWfti^ ^ ^ s 

tool 76 that oscillates, about.an axis 77 for 
35 with convex face surface may be cut with 
65 Axis 77 l«s m a plane- perpendicular to 



line 70. .The said additional tool motion is 
m this plane and is -such that the tool profile 
73 always passes, through the fixed point 
at which line 70 intersects said -plane. This 
additional tool motion is so timed with the 70 
turning motion- of the workpiece that the 
tool profile has the same inchnatioii as the 
lobe profile- passing through said' fixed 
point, so that the two profiles contact at 
said point. Except ror the additional , tool 75 
motion, the feed motions are the same as in 
flae method described with Figs. 10 to 12 
They are such that fixed' line 70 describes 
tne lobe surfaces. 

While the additional tool, motion forgo 
working profiles (73) of. varying curvature 
is more complex than; for circular arcuate 
working profiles, there is less-tool wear, im- 
proved finish of- the lobe sides and improved 
production' efffciency. 85 

.^l^^ 10 *^** * furthermore 
singularly- well adapted to finishing by shav* 
mg. burnishing and lapping because of the 
many simultaneous contacts; all around the 
circumference; Q0 
Multiple Rotor Pairs 
Diagram Fig, 17' shows a disposition of 
I: 1 ™* with ; two pairs- of irotors 80; 81; and 
L?\, dlffercil t volumetric displacement 
rotatably mounted in a housing- 84; It can 95 
be embodied as a» engihe unit or- also as a 
coolmg unit In an engine unit- the rotors 
jL*. " e part of a compressor. Duot 85 
admits air to-th'e-compressox. Duct86 fcads 
the compressed air to a combustion- charm 100 
ber^dMgrammatieally-mdicated at'8fc Duct 
89 ; leads the combustion - gas to the other 
pair oT rotors 82. 83", Afcexhaustduot 90 
teads the expanded combustion gas- there- 
from to the outside. , 05 
m 1 ^' of the rotational axes 

91. 92 of rotors 80; 81 is smaBerthao the 
5* "5? 93 of the rotors 
& t ; ^ ^ors . 81. 82 have- a common 
ans^M and are ngrd with each -other;.Rir. 1 10 
aermore the plane-of the' intersecting, axes 
91, 92 is- preferably inclined to the plane 
^ii?^ 66 ^* 8 ^ 93ito acSeve 
mt£TI? o?'^ balanc ^ between- the 
rotors 81. 82. The-reason for this inclination 115, 
wH.aow be sh own rwith-Figs. 19 and 20. 

fig. 19. illustrates the load condition* 
whenjfeaxes 91, 92. 93 are aU m S?pS 
The compressed-air exerts a one-sided%- 
TL™ r0t0r 8 „ 1; ^ Pressure maybe 1*0 
ft. M '?fw 4 shown in Both Fig 17 
and : F jg- 19; It intersects the mid-plane 78 
of ^aft porticm 78' at a point 79 ?Hri£ 
one-sided pressure is exerted on rotor 82 
w a - y f eXte ^ ^ ^e direction of Sow 95 125 
of th^Sf* Plkne 78 at 96: ThTl^gi 
The ?JT* $ "* measu ** of the- loads! 
^t?TO ol^v companerncs . through 
H ^^rtly balance each other, but 
they also - produce a turning moment in a 130 
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plane parallel to axis 92 containing points 
79, 96. The turning moment increases with 
increasing distance of the points 79, 96 from 
one another- The load components in mid- 
5 plane 78 can be combined to a resultant 
92-97 (Fig. 19) which passes through axis 92 
plus a turning moment about said axis. The 
turning moment is the difference of the 
turning moments exerted by the loads pass- 
to ing through the points 79, 96. 

Fig. 20 shows the effect of a displacement 
of the plane of the axes 91, 92 about axis 
92. Displacement is through an angle which 
moves point 79 to a position 79' close to 
. m point 96. The -resultant load 92-97' in mid- 
jriane 78 is slightly smaller than load 92- 
97. But the main eain lies in the sharp 
decrease of the turning moment exerted by 
the axial load components passing now 
in through points 96, 79% because of the proxi- 
mity of these points. Diagram Fig. 17 should 
he understood to" correspond to the show- 
ing of Fig. 20. 

The resulting turning moment about axis 
92 is relatively small. The torque exerted 
on rotor 82 of the motor drives the com- 
pressor. Only a moderate portion thereof is 
transmitted through the lobe sides in the 
rotor pair 82, 83. 
3n In operation the air is compressed in the 
rotor pair 80, 81 to a degree controlled by 
edge 87 (Fig. 17) of the outlet opening. 
Tins pressure is maintained in the combus- 
tion chamber, where combustion expands 
the volume of the gaseous fluid. The rotor 
pair 82, 83 thus requires a larger displace- 
ment volume, which is built into the dia- 
meter of the rotors and into the angularity 
of their axes. 
dn When the amount of fuel injected in to 
the combustion chamber is diminished under 
the design amount, the expansion through 
combustion decreases, and the pressure in 
the combustion chamber decreases. The 
4 c compressed air then expands after leaving 
the compressor, increasing its volume, until 
the ru,T«ther increase in volume through 
combustion equals the volume displaced in 
the rotor pair 82. 83. . 
50 A gain in efficiency at reduced or changed 
engine load can be achieved by changing 
the outlet opening of the compressor for 
different loads, increasing the outlet area 
when fuel admission is decreased. This 
- r changes the pressure directly, without re- 
DJ quiring expansion of the compressed air 
v/heii leavins the compressor. 

Figs. 17 and 18 diagrammatically illus- 
trate means for changing the outlet opening 
60 of the compressor. Edge 87 of the outlet 
opening is provided on a part 98 that can 
be angularly adjusted about axis 91 in 
dependence of the fuel admission. Dotted 
lines 98' show part 98 after adjustment for 
65 a decrease in compression and decrease in 



fuel admission. Edge 87 is then at 87'. The 
displacement of the opposite end 98 e has 
little effect on the performance, because 
there is practically no change in volume 
in that region. . ^ 

Cooling of the hot parts may be provided 
in any suitable known way. 

When the unit shown in Fig. 17 is em- 
bodied as a cooling unit, the larger rotor 
pair 82, 83 takes the incoming fresh air 75 
and compresses it The air thereby heats 
up and is transmitted to a cooler, or broadly 
to a thermal part 88 for changing the tem- 
perature of the gaseous fluid. After cooling 
h is led to the rotors 80, 81 which now 80 
serve as a motor. As it expands therein 
the temperature drops to the level for which 
the unit was designed. A stream of cool 
fresh air leaves the unit 

WHAT I CLAIM IS: — 85 

1. A positive displacement unit usable, 
for example, as a compressor, motor or 
pump, comprising a housing, a pair of 
rotors rotetably journaled in said housing 
and having interengaging lobes or teeth, 90 
which mesh around the whole of the peri- 
pheries of the rotors, the number of lobes 

or teeth in the two rotors differing by one, 
and the rotary axes of the two rotors being 
inclined to one another. 95 

2. A positive displacement unit as 
claimed in claim 1, wherein the depth of 
the lobes or teeth of each rotor in an axial 
plane of each rotor is larger than one third 
their circular pitch. 100 

3. A positive displacement unit as claimed 
in either claim 1 or claim 2, wherein the 
teeth of the rotors are straight and con- 
verge to the point of intersection of the 
rotor axes. 105 

4. A positive displacement unit as 
claimed in any of the preceding claims, 
wherein the rotors have convex spherical 
outside surfaces which lie in a common 
convex spherical surface, the housing has 110 
inlet and* outlet openings, and at least the 
outlet opening lies on this common spheri- 
cal surface. 

5. A positive displacement unit as claimed 

in claim 4, wherein the inlet opening also 115 
lies on said common spherical surface. 

6. A positive displacement unit as 
claimed in claim 4, wherein the rotors 
have also spherical concave surfaces which 

lie in a common inner spherical surface, 120 
and the inlet extends through this inner 
spherical surface. 

7. A positive displacement unit ^ as 
claimed in any of the preceding claims, 
wherein the lobes or teeth of both rotors 125 
have rounded tops adapted to come into 
contact, and the radius of curvature at the 
center of the tooth tops of both rotors is 
less than half the circular pitch. 

8. A positive displacement unit as 1 30 
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claimed in claim 7, wherein the lobes or 
teeth of one rotor, which is smaller, have a 
conical outer surface whose axis passes 
through the point of intersection of the 
rotor axes. 

9. A positive displacement unit as 
claimed in any of claims 4 to 8 inclusive, 
wherein the inlet opening is adjustable. 
u\ 1 A P ositive displacement unit as 
in claimed in any of the preceding claims, 
wherein the lobes or teeth of the rotor pair 
f are curved lengthwise. 

11. A positive displacement unit as 
claimed m any of the preceding claims, 

15 wherein the lobes or teeth have side portions 
inclined to axial planes of the respective 
rotors by less than thirty degrees and more 
curved top portions and bottom portions, 
™ }^ OT .** th temg deep enough so 
20 that their mating side portions have a dura- 
tton of contact in excess of one pitch. 

12. A positive displacement unit as 
claimed m any of the preceding claims 
wherein one rotor has a pitch angle larger 

25 than a right angle, and the other rotor has 
profiles with convex circular arcuate tops 

13. A positive displacement unit as 
claimed in any of the preceding claims, 
wherein there are two pairs of rotors such 

30 as claimed, and one rotor of one pair is 
coaxial with one rotor of the otheVpair 
and is fixedly secured thereto. 

14. A positive displacement unit as 
claimed in claim 13, wherein the intersecting 

15 axes of one pair of rotors is inclined to the 
^ane of the axes of rotation of the other 

15. A positive displacement unit as 
claimed in claim 13, wherein the intersect- 

40 mg axes of one pair of rotors includes an 
angte which is different from the angle in- 
cluded between the axes of the otheF pair. 

10. a positive displacement unit as 
claimed i in any of claims 13 to 15 mclu- 

45 sive. wherein the two pairs of rotors hive 
different volumetric displacement, the rotor 
pair of smaller displacement is part of a 
compressor, a first duct is provided for 
admitting air to said compressor, a second 

50 duct is provided for conducing c^mpr^S 
chJ^ If* °«P«w to a S combS 
W° er y ° f the compressor rotors, means 

55 UTS* f ° r ChangiD S the opening to 
55 control the compressor ratio, a third duct is 

w! tJ° T u C( ? ducti °g combustion gas 
from said chamber to the other pair of 
rotors, and a fourth, exhaust duct "is pro' 



vided for conducting the expanded com- 
bustion gas from said other pair of rotors 60 
to the outside. 

17. A process fox producing a toothed 
rotor, as claimed in any one of the pre- 
ceding claims, for a positive displacement 
unit, comprising rotating a rotor blank 65 
continuously on its axis while imparting a 
working motion to a tool, effecting a re- 
lative feed motion between tool and blank 
about an axis which intersects the axis of 
the blank, so that the tool moves from the 70 
top to the bottom of a tooth and then from 
the bottom to the top of the tooth. 

18. A process as claimed in claim 17, 
wherein the axis of feed is at right angles' 

to the axis of the blank, and the feed 75 
motion takes place from the top to the 
bottom and then back to the top of each 
tooth. 

t- 19 * A P rocess according to either claim 
17 or claim 18, wherein the rotation of the 80 
blank about its axis is at a varying speed 
during production of each tooth. 

20. A process according to any of claims 
17 to 19 inclusive wherein the tool is a 
milling cutter whose cutting edges lie in a 85 
corneal surface whose axis coincides with 
the axis of the cutter. 

21. A process according to any of claims 
17 to 20 inclusive wherein the tool is a 
redOTocating tool with a rounded working 90 
profile, the feed motion between the tool 
and blank being varied for each tooth so 
that a predetermined point of the tool pro- 
file describes a mean tooth profile, and dis- 
placing the tool during jproduction of each 95 
tooth side to keep engaging the tooth profile 
continuously at said point 

22. A process according to claim 21, 
wherein the working profile of the tool 
has a varying curvature, with the largest 100 
curvature at the point which comes into 
contact with tooth bottom. 

23. A positive displacement unit substan- 
tially as described herein with reference to 

the accompanying drawings. jq5 

24. The process of producing a rotor 
as claimed in any one of claims 1 to 16, 
for a positive displacement unit substantially 
as described herein. 
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